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[imam 

[0 0 0 1 1 

100021 

0 1 - 3 2 2 5 5 7^&«KIR©tt*j&*fcI?>*l-CV*a 0 i^SfSiCli, SHU^K^-* 

tix&h-r, mz.ismmfti±, mmmizMfrb-r-tenm* Burnt LxmuLx^Zo 

[ftftJCffi. 1 ] <&m 2001-322557 
. [0 0 0 3] 

LfrLtttfh, mmnmrnxn, 9 4 ^ tmmt^mzmwM^^ u ftu&*6:fr£ 
mmt) tzmm-tz fc* k t±, t fluid * £ »±«Mfc t mm t ot&m&^x. 

±Kt£*SW&fc«:, WK»tci&i:T*!M6*l^iE$***oW#oiaptcHLT 
(0 0 0 4] 

%£.t}<D-)j\ii\zm^T9 4 A ?5k&.t)*mmzmmx£z> x 7 iizLtzmmmmw. mifctm 
mttz imffc t mm t <DW,mww*ft% 9 ¥ii»^fts tWo«i#P»« & - 1 

[0 0 0 5] 

±SB g «J £ 31 Jffi "t * :£S&BJ3 o ¥M$iJfP f± > K v >f / is ^-WMm *%Z>tz 

mwkxfmmjw'j?* < £ t-^«rfldti"t&»ioiiu»*, i^tt^rfafsiowfPisaf* 
mmt}Rv*mmt}(0'j?% < fcfc-2r*tiu»-*-**, i^(±Huie^io^fiS;o f Hufe^2 
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T 

— - cos 0— L f sin 0 

2 f 


(1) 


a 2 = 


T 

— — - cos 0 — L f sin 0 

2 f 


(2) 


a 3 = 


T 

— - cos 0+ L r sin 0 
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(3) 


a 4 = 


T 

— — - cos 0-1- L r sin 0 
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T 

— -sin 0+ L f cos 0 
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T 

— — sin 0 i L f cos 0 
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b 3 = 


T 

— - sin 0— L r cos0 
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b 4 = 


T 

— — L sin 0— L r cos0 


(8) 



[ 0 0 2 4 ] 

[0 0 2 5] 

[0 0 2 6] 
[12] 

sin q,+ F 2 sin q 2 + F 3 sin q 3 + F 4 sin q 4 = 0 ( 9 ) 



— a^jcosq,— a 2 F 2 cosq 2 — a 3 F 3 cos q 3 — a 4 F 4 cos q 4 

-I- b,F, sin q,+ b 2 F 2 sin q 2 + b 3 F 3 sin q 3 + b 4 F 4 sin q 4 = M z 

(10) 

[0 0 2 7] 

h^MfnLtSLtt^i), do) ^nmnM^m <d*-* y b^seu^ 

[0 0 2 8] 

) , (10) ^©ffi*C*fl : «:»J£U ^oJilTO (11) ^-emZfrZ x$4^|^0^(7)fn 
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J = Fj cos q,+ F 2 cos q 2 + F 3 cos q 3 + F 4 cos q 4 (11) 
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t-r\ zm-r o) , do) t>x^m%hti^>o 
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Fi Q,+ F 2 q 2 + F 3 q 3 + F 4 q 4 = 0 (12) 



b,F, q,+ b 2 F 2 q 2 + b 3 F 3 b 3 + b 4 F 4 q 4 

= M 2 + a,F, + a 2 F 2 + a 3 F 3 + a 4 F 4 (13) 
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[»5] 
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Sfcfc. (1 4) *0 2^:ff«H»[*«^:'ffc-tS^|JSqi**ie>*Wfflf±, (14) S 
K^TftcDtfr-^fc^rt-a^ofD (K/2) *«/hU-t-&^JSqi **«ispgs, -f-fcfr 
(15) 2^I¥fflfi|!i?&£ft/Mt-f &£Jgqi ^*)6^F»11i:f Ili-Si 

[0 0 3 6] 

i-&^*>> /ummmzmizik-t&fflmit, (14) *t^s*ifc#**<0i»iM«isRtf> 
mm, tfztt (15) *"CSE§<ifc#j|t»oiRisi*«{no^:§sxa f #*iio^'f'Vi6^ 
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(15) 5*14, TIB (17) ^Zt^-TX -9 fcfc 0, 

tbliE#2 003-3103601 



mm 2003-385973 



6/ 



[0 0 4 1 ] 
1181 

K= Pl 2 +p 2 2 +p 3 2 + p 4 s 
[0 0 4 2] 



(1 7) 



[0 0 4 3] 
[19] 



(18) 



t>iVF7Pi+ b 2 7F7p 2 + b 3A /F7p 3 + b 4 7F7p 4 



= M Z + ^4- a 2 F 2 + a 3 F 3 + a 4 F, 



(1 9) 



[0 0 4 4 ] 

(18) (19) ^^•M^.-r^J--^ 0 v hV;VAM(0 P i £;JtA6&FJ!M^i 

[0 0 4 5] 

[mi 0] 



<J 4 j 



= d i a g 



#7 Vf7 Vf7 #7. 



pi 

P2 
P 3 

L P 4 



d j a J i i i i II" Vf7 Vf7 Vf7 #7 
1#7 #7 #7 V^J'taVFT 



iVfT b 2 VP7 b 3 #7 b 4 VF7. 



{ 



o 

M 2 + ai F,+ a 2 F 2 + a 3 F 3 + a 4 F 4 
c 



] 



_ M z + ai F t + a 2 F 2 + a 3 F 3 + a 4 F 4 
bjCjF^ b 2 c 2 F 2 + b 3 c 3 F 3 + b 4 c 4 F 4 



L c 4 j 



(2 0) 



[0 0 4 6] 

[0 0 4 7] 
[111] 

c,= (b,-b 2 ) F 2 + (b^ba) 

c 2 = (b 2 -b,) F,+ (b 2 -b 3 ) 

c 3 = (b,-^) Fj+ (b 3 -b 2 ) 

c 4 = (b 4 -b,) F,+ (b 4 -b 2 ) 



F 3 + ( b - b 4 ) F 4 (21) 

F 3 + ( b 2 - b 4 ) F 4 (22) 

F 2 + (b 3 -b 4 ) F 4 (2 3) 

F 2 + (b 4 -b 3 ) F 3 (2 4) 
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[0 0 4 81 
[0 0 4 91 

(2 0) i a gfi«&rt<3|lfc#a3HRfci-*#afT^*U + 

[0 0 5 01 
mi 2] 

A + -(A- A T )"A T (2 5) 

[0 0 5 1 1 
[0 0 5 21 

_h|E (2 0) 5£~~ (2 4) *KJ:oTStti£ftfcaj8Uitt, £ £ d K ^ flJTO 

^-gisW tcfijffl-r * ^ t a*-c § 

[0 0 5 3] 

(21) ^ (24) 5$»±, AJSqi «:*«!)*miftO{ie^'bflfcO*tti-eo*: 
^^:^^|6]OK* (15!lx.f£\ i = l«:oKli (bi-b 2 ) , (bi-bs) > ( 
bi-b 4 ) ) ^BR|[t#»Ro^:&Si:oa*rfl!iO<t»^Ttcov»-ciBl*Lfc3Bl*#*^L 

[0 0 5 41 

£ $ IH& t L TSi" d tfX § -6 o 
[0 0 5 5] 

ilEwJ^ULTSiasSfifcfcapqili, ±IB (9) (11) 5£<DgMft^**ffcfc 

w«!fl[**afl[oia« t -r & ^ t u «t o xqmmw^wMtm <44tv^ o , 
(20) (2 4) ^(g^^if t tr^aL^fkaffcwuB^fijffl-rsifcmio-cat 

[0 0 5 61 

CliT-OgNi»^*ififbraa{i, (2 0) (2 4) *-?*ffl SfrfcjS&JBfc+'kK ( 

9) , (10) S^f-7-IiL-Ci«L, fl^^i^^i-i: Lfcx-v-IIBi 

[0 0 5 7J 

(9), (1 0) 3££±fE (2 0) (2 4) ^iZj: ^ X mm ^ HtzMm.cn 

[0 0 5 81 
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[&13] 

Fjfsinqj 0 +(q,- Qi o )cosq 1 „)+ F 2 {sinq 2 0 +(q 2 - q 20 )cosq 20 | 

+ F 3 {sinq 3 o+(q 3 _ Q 3 o )cosq 3 0 )+ F 4 (sinq 4 0 +(q 4 - q 4 0 )cosq 4 0 }= 0 

(2 6) 



- a^fcosq! o-(Qi- qj 0 )sinq, 0 ) _ a 2 F 2 {cosq 2 0 -(q 2 — q 20 )sinq 20 ) 
- a 3 F 3 {cosq 3 0 -(q 3 - q 3 0 )sinq 3 0 )- a 4 F 4 |cosq 4 0 -(q 4 - q 4 0 )sinq 4 0 ) 

+ b l F i {sinqj o+faj- 0 )cosq 1 0 )+ b 2 F 2 {sinq 2 0 +(q 2 - Q 2 o )cosq 2 0 ) 
+ b 3 F 3 {sinq 3 0 +(q 3 - q 3 0 )cosq 3 0 )+ b 4 F 4 |sinq 4 0 +(q 4 - q 4 0 )cosq 4 0 ) 

= M Z 

(2 7) 

[0 0 5 9] 

ztih<D (2 6) ^rv (27) ^zm&L, fro (15) ^zm'Ht-f&mi*. ±ie 

o 

[0 0 6 0] 

[ii4] 



^2 



diag 



_Vf7 #7 #7 Vf7_ 

jF\cosq l0 JW^cosq 20 
jj¥\(a, sinq, 0 + b } cosqj 0 ) V^7( a 2 sin( l2 o+ t> 2 cosq 2 0 ) 

VF7cosq 3 0 ~jF\cosq 4 0 

7F7(a 3 sinq 3 0 + b 3 cosq 3 0 ) yfF^(a 4 sinq 4 0 + b 4 cosq 4 0 ) 

LFsfai ocosq, 0 -sinq, 0 ) 

i = i 

M + EFiKa^ b,Q, 0 )cosq, 0 - bjsinq, 0 } 

i = 1 



(2 8) 



[0 0 6 1 ] 
[0 0 6 2] 
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10 0 6 3] 

o 

[0 0 6 4 ] 

9) . do) ^tnmz., izTvi&x-mztiZo 

[0 0 6 5] 

[mi 5] 

yF, sinq ) +yF 2 sinq 2 +YF 3 sinq 3 +yF 4 sinq 4 = 0 



— ajyFjCosqj— a 2 YF 2 cosq 2 — a 3 YF 3 cosq 3 — a 4 YF 4 cosq 4 

+ bjyF, sinq,+ b 2 YF 2 sinq 2 + b 3 YF 3 sinq 3 + b 4 yF 4 sinq 4 =M z 

[ 0 0 6 6 ] 

[0 0 6 7] 
[&1 6] 

F, sinq^ F 2 sinq 2 + F 3 sinq 3 + F 4 sinq 4 = 0 (29) 



— ajFjeosq!— a 2 F 2 cosq 2 — a 3 F 3 cosq 3 — a 4 F 4 cosq 4 

M 

+ h l F l sinqj+ b,F 2 sinq 2 + b 3 F 3 sinq 3 + b 4 F 4 sinq 4 == — - (30) 
" " Y 

[0 0 6 8] 
[0 0 6 9] 

[mi 7] 

yF } cosq 1 +YF 2 cosq 2 +YF 3 cosq 3 +YF 4 cosq 4 = F 

[0 0 7 0] 
[0 0 7 1 ] 

[mi 8] 

p 

Fj cosq,+ F 2 cosq 2 + F 3 cosq 3 + F 4 cosq 4 = — (31) 

[ 0 0 7 2 ] 

tttho Ltztf-oX, &%*<DW y •7&&*%3—Km.it.it'?2>%mmt (2 9) - (3 1 
, F^OOtlCli (3 0) , (31) ^£^I|-f t IZ£ oT, &bti&T%& (3 2 

) 

[0 0 7 3 ] 
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[mi 9] 

bjFj sinq,+ b 2 F 2 sinq 2 + b 3 F 3 sinq 3 + b 4 F 4 sinq 4 

( M. ^ 



a,+ — - 



+ 



a„+ 



Fj cosq^ 
M 



£U + - 



V 



F., cosq 5 



Fo cosqo+ 



J 



F 4 cosq. 



(3 2) 



[0 0 7 4] 

JilB (2 9) &k Zm&L, ^o, 
[0 0 7 5 ] 
[12 0] 



F 

J =— = Fj cosq^ F 2 cosq 2 + F 3 cosq 3 + F 4 cosq. 



(3 3) 



[0 0 7 6 ] . 

±IE (3 3) ^ZMizlt'f&ftmqiZ^frZmmt^z.&Z.t JiiB-CRWL 
fc«5fc|BIfllUiSiR»0#tH*#x.*»^ (2 9), (3 2) Sli, lMiCioTJJl 

[0 0 7 7 ] 

[85:2 l ] 



F,q,+ F 2 q 2 + F 3 q 3 + F 4 q 4 = 0 



(3 4) 



b^q,* b 2 F 2 q 2 + b 3 F 3 q 3 + b 4 F 4 q 4 = 

( 



( M. \ ( M > 
a : +^ F,+ a 2 +^- 



F 2 + 



a,+ — * 



f 3 + 



(3 5) 



v 



[0 0 7 8 ] 

ifc (33) 5^±. 2 *ffi*6UC J: o T (14) S(7)2Mi 
> ±EfcW»f: (16) SwiM^ilL, 
[0 0 7 9 ] 
[12 2] 



(3 6) 



Vf7p,+ b 2> /F7p 2 + b 3 VF7P 3 + b 4 7F7p 4 = 



a,+ 



M, ^ 



a,+ 



v 



M. ^ 



7 



F 2 + 



a 3 + 



M. 



F 3 + 



M. 



V F ) 



(3 7) 



[0 0 8 0] 
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[0 0 8 1 1 





m 


"Qi" 
















=diag 



_yf^~i v^r. 



Pi 
p 2 
p 3 

LP4J 



b,#7 
M 



-1 + 



VfT V^" #7 

b 2 #7 t> 3 #7 b 4 VF7 

0 

(F,+ F 2 + F 3 + F 4 }+- a.F^ a 2 F 2 + a 3 F 3 + a 4 F 4 



L F 



_ F 



•(F,+ F 2 + F 3 + F 4 >f a,^* a 2 F 2 + a 3 F 3 + a 4 F, 



bjC^jH- b 2 c 2 F 2 + b 3 c 3 F 3 + b 4 c 4 F, 



[ 0 0 8 2 ] 

tz tz L , 

[ 0 0 8 3 ] 
[»2 4] 

c,=(br b 2 )F 2 +(b - b 3 )F 3 +(b 1 - b 4 )F 
c 2 =(b 2 ~ b I jF 1 -Kb 2 - b 3 )F 3 +(b 2 - b 4 )F 
c 3 -(b 3 - b, )F,+(b 3 - b 2 )F 2 +(b 3 - b 4 )F 



L C 4J 



(3 8) 



c 4 ==(b 4 - bjF^Cb,- b 2 )F 2 +(b 4 - b 3 )F 



4 
4 
4 

3 



(3 9) 
(4 0) 
(4 1) 
(4 2) 



[0 0 8 4] 

£o (3 8) - (4 2) 5fcKJ:oTi*mS*lfcftl£qil±. «t ? 

t-cTOtfijii^ tzimmtmm^m.&umtizmm'f & t &-e£& l 
, (29) - (3D ^<D^mmmit^is^^)\mmn<o^mmtLxmmiri,zti> 

[0 0 8 5] 
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a, 

q 2 

q 3 

_Q 4 J 



[12 5] 



=diag 



V^l •\Z^ > 2 "J^4 _ 



^/F7cosq 2 0 



7F7(a : sinq! 0 + b, cosqj 0 ) jF^(a 2 sinq 2 0 + b 2 cosq 2 0 ) 

7F7cosq 30 7F7 cosq 4o 
^/F7(a 3 sinq 3 0 + b 3 cosq 3 0 ) <y/F7( a 4 sin( l4 o+ b 4 cosc l4 o ). 



IF, 

i = 1 



ZFifai o cosQi o-sinq,. 0 ) 

i = 1 

a i+ biQi 0 + COSC li O+feiQi 0~ b i ) sin( 3i 0 



(4 3) 



[0 0 8 6] 

/ummmyii. d d LT2»tB$tL7t:^Jtqi £fflv>, TIE (4 4) ^ti^cf^i^* 

[0 0 8 7] 
[12 6] 

(44) 



Fj cosq^ F 2 cosq 2 + F 3 cosq 3 + F 4 cosq 4 
[0 0 8 8] 

£fflv^T, Tieo (4 5) ? KS*tH-0£4o 7 Fi(i, ? >f ^Zk&JW-k # 

[0 0 8 9] 
[12 7] 

F x ^vFjCosCq.+e) (4 5) 

[0 0 9 0] 

ttz, mmz&momjjit. Tie (4 6) ^^c»i^„ 

[0 0 9 1 ] 
[12 8] 

F yI =YF|Sin(Q,+e) (4 6) 

[0 0 9 2] 
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[0 0 9 3] 
[&2 9] 



Pi=tan 



- 1 



fK,. -k iS in(q } +8) N 
k, cos(q.,+6) 



K p 1 



(4 7) 



[0 0 9 4 ] 
[0 0 9 5] 

mz 0] 



k,= 



3 F, 



K. 



M 1 - 1 - 



(1 -Y^) 



(4 8) 



[0 0 9 6] 
[0 0 9 7] 



[0 0 9 8] 




[13 1] 




<5l = A) + -^- r 0~^l 


(4 9) 


d 2 —p 0 + — r 0 —p 2 
v 


(5 0) 


S 3 — fi a — ~~ T 0~ Pz 


(5 1) 




(5 2) 



[0 0 9 9] 

wtmmwtmmwjmmtvifamzfriWi&izii, ±E©i^:Lt**fc (45) ^0 

HIK»2Ffc#l*>*tfs*fc U (4 9) - (5 2) S©*l6ft**2 0»ftii: Lt, S£l 
[0 10 0] 
[0101] 

ttz, 3LmzlJQz.Z^£&!£l]Zm±1tir2> t ±IE (4 5) S;fc*5V*T#*<0 

^fljffl^y £ l i-i-^(f#^0$IJIIHi!jtl75 ? *i6^^, _tSB (4 8) 5S:iCj3V^-C^flJffl^ y 
£ 1 tt^if (4 9) - (5 2) 5£«fc *)#^<50^^^^'btt^o 
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[0 10 2] 
[0103] 
[0 10 4] 

, lf«4 *MME3t^ » IS t r -£M Pi ft tMaHiP 1" * »^ o v » -c SJ&9J i" * «, 

[0 10 5] 
[»3 2] 

-u _u Q A ^ r Ks -k 2 sin(q 2 +e) 



tan 



tan 



- 1 



( 



K s m - k x sinfa + e) 
K p 1 — kj cosfqj+e) 

K s -k 3 sin(q 3 +e) 
K p 1 — k 3 cos(q 3 +6) 



=tan 1 



= tan 1 



^K p 1 -k 2 cos(q 2 +e) 

K s m — k 4 sin(q 4 +9) 
Kp 1 - k 4 cos(q 4 +6) 



) 



[0106] 

[0107] 
[£Sc3 3] 

k 2 sin(q 2 +0)— k x sinfaj+e) — k 2 k 2 sin(q 2 — qi) = 0 
k 4 sin(q 4 +6)— k 3 sin(q 3 +6)- k 3 k 4 sin(q 4 — q 3 )= 0 



(5 3) 



(5 4) 



(5 5) 
(5 6) 



[0108] 

[0109] 
[&3 4] 

k^cosS— k 2 )q 1 + k 2 (cos9— kj Jq^kj — k 2 )sin6 
k 3 (cos0— k 4 )q 3 + k 4 (cos0— k 3 )q 4 =(k 3 — k 4 )sin0 



(5 7) 
(5 8) 



[0 110] 

[0111] 
[i!c3 5] 



Fj sinq,+ F 2 sinq 2 + F 3 sinq 3 + F 4 sinq 4 = 0 



(5 9) 



— ajF^osq,— a 2 F 2 cosq 2 — a 3 F 3 cosq 3 — a 4 F 4 cosq 4 

+ bjFj sinqjH- b 2 F 2 sinq 2 + b 3 F 3 sinq 3 + b 4 F 4 sinq 4 =M 2 (60) 
[0 112] 
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[0 1 13] 
It3 6] 



"Qi" 




F, 


^2 






a 3 




— kj(cos8 






0 



F 4 
b 4 F 4 

0 

k 4 (cos6- k 3 ) 



F 3 
b 3 F 3 
0 

— k 3 (cos0— k 4 ) 
0 

• a 2 F 2 + a 3 F 3 + a 4 F 4 
4 — k 2 )sin0 
3 — k 4 )sin0 



F 2 

b 2 F 2 

) k 2 (cos0— k x ) 
0 

- - 1 p 

M z + ai F,+ 
(k 

I (k 



[0114] 

) iz<DiXfrV)[z (32) ^-hm^hti* 1 1 *>u, ^mmmrZ^ 

[0 115] 
[»3 7] 

_ F 

y F.+ F.+ F^F, 

[0 116] 

[0117] 
[t3 8] 







Fi 


F 2 


F a 


F 4 


Q 2 




b.F, 


t> 2 F 2 


b 3 F 3 


b 4 F 4 


<3 3 




— ki(cos# — k 2 ) 


k 2 (cos# — kj) 


0 


0 


^4. 




0 


0 


— k 3 (cos0 — k 4 ) 


k 4 (cos0 — k 3 ) 



0 



t -y-(F 1 +F 2 +F 3 +F 4 ) + ai F,+ a 2 F 2 + a 3 F 3 + a 4 F 4 (g2) 

(k x — k 2 )sin# 
( kj— k 2 )sin# 

[0 118] 

tm&ztiZo ztz, z.<Dt £<D&$s<Dmmmt)Rvmiitft&. (45) , (47) - ( 

5 2) Siaotli^H^o fztzL, (4 6) - (4 9) *t::i5V»T;&&l|Oift#BA it 

mzmtmnzftZo (6i) , (62) sa, i#ci£iBu::<fco-c#ttisft7tfco 
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[0 119] 
[&3 9] 

Fj cosqj 0 F 2 cosq 2 0 

a 1 F 1 smQ l 0 + bjFj cosqi 0 a 2 F 2 sinq 2 0 + b 2 F 2 cosq 2 0 

k x {cos (q x 0 + ^) - k 2 cos (q 2 0 - q! o )} k 2 {cos(q 2 0 + 0) - kj cos (q 2 0 - qj 0 )} 
0 0 

F 3 cosq 30 F 4 cosq 40 

a 3 F 3 sinq 3 0 + b 3 F 3 cosq 3 0 a 4 F 4 sinq 4 0 + b 4 F 4 cosq 4 0 

0 0 

- k 3 {cos(q 3o +0)- k 4 cos(q 40 - q 30 )} k 4 {cos(q 4O +0) - k 3 cos(q 40 - q 30 )). 

4 

iF^qj O cosqi o-sinq, 0 ) 















q 4 . 





i = 1 



M 2 +£FJ(a i + b,Q, 0 )cosq, o+(a,q, 0 ~ b-Jsinq, 0 } 



i = 1 



(6 3) 



[0 12 0] 

[0121] 
[t4 0] 

d,= k, {sin^ o+0) - q 5 0 cos^ o +0)) 

- k 2 {sin(q 20 +6)- q 2O cos(q 2O +0)) 

+ k^Jsinfeo- qj 0 )-(q 20 - Qi o)cos(q 20 - q 10 )} 
d 2 = k 3 (sin(q 3 o+0) - q 30 cos(q 3 0 +e)l 

- k 4 {sin(q 4O +0)- q 40 cos(q 40 +6)) 

+ k 3 k 4 {sin(q 40 - q 30 )-(q 4 o- Q 3 o)cos(q 40 - q 30 )) 
q, o : 1 X-T-yT/M^fg 

[0 12 2] 



[0 12 3] 
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[&4 1 ] 







Fj cosq, 0 


F 2 cosq 2 0 


Q 2 




a,F, sinq, 0 + fyF, cosq, 0 


a 2 F 2 sinq 2 0 + b 2 F 2 cosq, 0 


Q 3 




- kjcosfa, 0 +e)- k 2 cos(q 20 -q 10 )} 


k 2 {cos(q 20 +e)- k,cos(q 20 - q, 


. q 4_ 




0 


0 



F 3 cosq 30 
a 3 F 3 sinq 3 0 + b 3 F 3 cosq 3 „ 
0 

- k 3 {cos(q 30 +6)- k 4 cos(q 40 - q 30 )) 

4 



F 4 cosq 40 



a 4 F 4 sinq 4 0 + b 4 F 4 cosq 4 0 
0 

k 4 {cos(q 40 +6)- k 3 cos(q 40 - q 30 ))_ 
£F,(q, O cosq, ^-sinq, 0 ) 



i = 1 



Km} 

I F. . a,+ b.q, 0 +— f cosq, 0 -Ka,Q, 0 - b, )sinQ i 0 



4 

I 

i = 1 



(6 4) 



[0124] 
[0 12 5] 

o 

[0 l 2 6 ] 

R#J«*R*5g#«: 2 0f4, #**4fOR***PJ^§$4:SAT^Wajl»na6 
[0 l 2 7 ] 

• ;«¥lJffi^fClf¥l£2 5(4, Ifll^ja^^SSaraiPlfc^ftwRIS 1 

[0128] 

fi^*fcov*TliRIMM*R«>:*;£ $ t Ltfflv\ S5 

[0129] 
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[0 1 3 0] 
[0131] 

*|J«I¥^3 0 (4, ^ftM*^S2 8 •CftfcSfifclfcA t«IK«i***|§t>*v* «fc n 
[0 13 2] 

0 5 tt, ±i£o& l o^flcfiSfllJSK <tot, M-ffl**«H5^ = 0 . 3 <7)g_hS§ t <> 3 K-fflfl 
= 1 . 0O K^-ff&ffitv^ i^rg&S-CfiiiSiJI&Sr^fofct ^oftiJKiJniiJS .[ 
G] ^JttfcSrv^ j-u-va y\,z&^x\%W.Ltzi><nx3bZ> 0 fcis, 4lkyk$&m±. ( 

2 8) ^ lffl&tMft*eii (6 3) ^H^o'v^c$U«W^fetL-C43»), 4 *Sfta:»*e HJ: 

o -c»jwiW 8 % (5 fit sni- * i t fffrfrz o 

[0 13 3] 

06f4, (2 8), (6 3) &lzm^\*xm^ZtiZ&1fa<n5£&tjJjfa<7)mWm 1 0&L 
[01343 

0 6 4^, £*©S6£:&^I&I«\ 2. 3 0O^»^iRm-r^-<h7i ? ^^^o 0 7 

[0 13 53 

fc^5T% @7 K:fc(t*limiMfc*fcti, JS^ROlf (0 8 >f -YifiFtefcjm* k.) 

[0 13 63 

[0 13 7J 
[01383 

>k^^ Mm fill <t> g y U'j? yfc j& f -gr*-& t*i:4 
its*!* ^^-^i&^>tj/^[6]^#>2>^i6<7)^ y -fmz&ox^ izifcibz> 0 i& M m*mx.¥- 

[0 13 93 
[Sfc4 23 



tan 1 



'K.. ~ k, sin(q,+e) V tan -ifK s , -k.sinfa+e) } 
K. 1 -k.cosfa.+e) 



K p 1 — kjcosfqj+e) 



(6 5) 



[0 14 03 
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[0141] 
HBU3] 

[0142] 

±K (6 5) jSK^T, qi , qj (i, 4 «r»5t»*e«riRse L TSffi $ 
^ -V^^jco^Ip]) -eab&o £*Lfc ki Cov^tiK t , 
[0 14 3] 
l»4 4] 

SF^in^+e) 
1 K s sin(q i +0)+ 3 Fjsinfa- qj 

[0144] 

[0 14 5] 
[&4 5] 

k x ,= k, cosCq.+eH , ,' ft \' ' . / ' \ (67) 

K s sin(qi+ej+ 3 FjSinlQj— qj 

[0146] 

[0147] 

[0148] 
[&4 6] 

F xl =F,cos(q,+e) (6 8) 



[0149] 

in 9 ti, tkmwifa-bmm /* = o. 8 <£>§?pis&, fiimfisi^f&ffi^ = 1 . o©ot^k 

Mizts^X d = 1 2 0 d e g0^l6lUl6^^3&*ftffl-r* J: -? fcJ5!llfl«I&H#0|gJMjni$]£ 
[G] m$L&t>11$\) W^yUl/->3>CJ:otiIL/-:^t^^o 
[0150] 

6 3) jS:U*^V>T*»fct ^WMg^^U 4«t»&iM£tt^ (2 8) 

^z&-3^x&ife<n§k$Lj3j]fa$:M&tzt &<o$.m<DmMmzmLx^%o ztihvmx 

[0151] 

ifc, @ioii, (2 8). (6 3) ^:nafe^v>r»j([$fL4#ft<7>i&^^riaiwai[j|[ 
t^Sifc^^-So ::t*oy5a>->3>ii, a- -J- 'J yy^i- (CP) 

[0 15 2] 
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& z. 1 & < * <D&&j3 <Di5n * mt z&zzt § * £ # , eat * ^kmpmjih 
j»jsi±©a5v^ <; 7 7mt$L$:mm-? & z t \z ± -oxi^n^n^mW^^k^M-n^za^x 

t K * 4 o 

[0153] 

H13I4, M^7$ ? 0. 8 5 <W—&®K£v>TS£IIIfflJKi&frofcfc £ © 4 I&**jz:»j5£ 
, IfflfeSlKiiiSoff (#$&. ¥#0^7^^^ h/WfcJMWl) *:^Lfcfcwe**o - 

qi = 0 tV^lS75*t#C>^4o 
[0154] 

[0155] 
[0 15 6] 

ft^fflO$iWCSot#^ -r&M, TIE (6 9) S;OJ:-9&»^tcH 

> 

[0 15 7] 
[&4 7] 

F. R e.i<YF, (6 9) 



[0 15 8] 

4i&m&mifc<nmwMi)mm2tiz>o fc*fu 7 u (6 4) ^mittomqifrhmM 

[0 15 9] 
[14 8] 

Y= (7 0) 

cosqjH- F 2 cosq 2 + F 3 cosq 3 + F 4 cosq 4 



[0 16 0] 

^oia^^o^ ^-vs^* zx$>ho c\<Dt^K[t^ 4^±m%t<vmmm& 

[0161] 
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(14 9] 

F 1Rea ,sinq 1 +YF 2 sinq 2 + F 3Rea , sinq 3 +vF 4 sinQ 4 = 0 



(7 1) 



a i F i Real cosq!- a 2 YF 2 cosq 2 
~~ a 3 F 3 Real cosq 3 - a 4 yF 4 cosq 4 

+ b i F i r e a i sinq,+ b 2 yF 2 sinq 2 

+ b 3 F 3Rea , sinq 3 + b 4 vF 4 sinq 4 =M 5 



(7 2) 



F 1Rea 1 cosq 1 +yF 2 cosq 2 + F 3Rea ,cosq 3 +yF 4 cosq 4 = F (7 3) 
[0162] 

ttimzti&o Lfc#ot, d<0PaSi±. (7 1) - (73) £itjg.U ySrft/Mbi - * 

[0163] 
[15 0] 



^4 



=diag 



1 Re a I 
V F lRea 1 COSC ll 0 



3 R e a 1 



Vy - ^ 



_____ VYo F 2 cosq 20 

_V F i r e a i ( a i sin< 3i o + b i cosqj 0 ) VYo F 2 ( a 2 si nQ 2 o+ b 2 cosq 2 0 ) 

V F 3 Real COS< ^3 0 Vy~ 7 COS Q 4 0 

V F 3 r e a i ( a 3 sinq 3 0 + b 3 cosq 3 o ) VYo F 4 ( a 4 Sin( l4 0+ b 4 COSC l4 0 ) 



L d 4j 



(7 4) 



[0 16 4] 

[0 16 5] 
[15 1] 



d 3 =L F j ReaifcoCOSQi Q-sinQj 0 )+ LYoFiCQi O cosq 5 0 -sinq, 0 ) 



i-1,3 



i-2,4 



d^M.+ EF, Re a ,1^+ b^ 0 )cosq l o+foq, 0 - bjsinq, 0 } 



i-1,3 



+ lYo F i {(a,+ b,qj o^osq, o+foq, 0 - bjsinq, 0 } 

i=2,4 



[0 16 6] 
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[0 16 7] 
[»5 2] 

F-ZFiReaiCosq, 

_ (7 5) 



^FiCosq, 

i=2,4 

[0 16 8] 
[0 16 9] 

H L-C*ai$tL^ Qi H^-cf^, ^//llWlfiCIILtli, (4 5) - ( 5 2 ) sSfc*^ 

'J v 

[0 17 0] 
[153] 




(7 6) 



[0171] 

h£-#/g[LT, (6 5) - (6 8) *K*^£fflrett;fcfc**ea#*tBt?£*o 
[0172] 

i 4:^<bfle3l6O^ri£tcJt«LTliafiI0OiRHL*tt^4 < * 19, 4 »«£*Mfcfc ftg 
[0 17 3] 

[0 17 4] 

— got* Lfc?&*oT\ CtL^cO$IJf«ilJ(i*^-^M^fB#^, ^rI©F&M 

& # & * & m-kit-t z mm m t & o r v > £ c t 

[0 17 5] 
[0 17 6] 

±Eo«I3a*fiJfflL7t*ll*^388<0*2O*fltW*JS*iai 4 K^o'v* xmw 

t* 0 

[0 17 7] 
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^ojj?M^Jgfc£;K^-t>-^l 0, v>f ^nn^e^-^-e^^n^sij^ 

sin, wtufiPM 1 2 ^^$tt^#.it^s.o j $ijiiHi{)*tsp Lxmm-t z^mmm 
mmm 1 4 *f)M$nrt^o 

[0 17 8] 

?ua>]z^-?^mf&-£tifzmWgEW:l 2 14. ^#>|5H£;a£7*n^7 AClo 
SAT (^;V7777^^>^^;^) £3f^-f £ S A T«5g^|£ 1 6 > SU^f&tl^ 

!5te¥I£ 2 6, ^-^^^^-VI&^077^]^l^-r-2>^lif&^7Jl^¥m2 8, STO 
[0 17 9] 

S ATW.^^. l 6 (±, h h )^M7y^ h h ;i^-t V 

*rxikft2tifzT Y h^CSoVt, S AT£3f5El-£ 0 
[0 18 0] 

[0181] 

£#.t/75[Sh £0*3-^-^ > bM z <h Ltli, 0!lxJ4, K 

7 4 1 < <r>mt k je c t was. s *i & a m 1 4 <?» MSKrttM -e & & a - & t , * 

[0 18 2] 

I3I#«R«7e¥I3:2 0 (±. ^*^TOIR<7)^iH, SAT»tl6-C 
[0183] 

titiSU B *>;#fil* 0 t LT 0 £ B^a--^-^ > Yfrb±.ti<n (20) 

^ (2 4) 5£t::&c?v»"caj£q £<bH_LIS (11) 5$K£^v*TIK|^j3<;2j 

j ^iiLtt^o 

[0 18 4] 

^fijffl^is^^2 4 (i, Bm&&2) tm.R&f&ij tnjzz 2<7>}tz M mmmy tLx 

o 

[0 18 5] 
[0 18 6] 

#^^7J77[6]|£^^2 8 t4, B«^flc*0^lRltf tmM-r&&*0>9 4 TSkSitlO 
& y Fi tfrb (20) (24) ^CO F ■ i y F ; Kft § jftx. Tt# <b tl&#t&Z& 

O^T^qi £$l<7)*^#S£7J<7);*;££y FiSTOlS] (qi + 0) ^ta^i" 
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[0187] 
[££5 4] 



^2 

Q 4 



=diag 



yf^i -\fF~2 a/ F 4 _ 



F l -J^2 V F 3 V F 4 

b 1A /F7 b 2 Vi7 b 3 #7 b 4 VF7_ 

0 



M, 



+ (a 1 F 1 +a 2 F 2 +a 3 F 3 +a 4 F 4 ) 



M, 
_ Y 



+ ( a,F,+ a 2 F 2 + a 3 F 3 + a 4 F 4 ) 



bjCjF^ b 2 c 2 F 2 + b 3 c 3 F 3 + b 4 c 4 F 4 



L C 4 



(7 7) 



[0 18 8] 

[0 18 9] 
[t5 5] 

Cj= (b,-^) F 2 + (bi-ba) F 3 + (b,-b 4 ) F 4 

c 2 = (b 2 -b } ) F,+ (b 2 -b 3 ) F 3 + (b 2 -b 4 ) F 4 

c 3 = (b^b,) F t + (b 3 -b 2 ) F 2 + (b 3 -b 4 ) F 4 

c 4 = (b 4 -b,) F,+ (b 4 -b 2 ) F 2 + (b 4 -b 3 ) F 3 



(7 8) 
(7 9) 
(8 0) 
(8 1) 



[0 19 0] 

[0191] 
[t5 6] 



F x i=y F iC os (q.+ e) 



(8 2) 



[0192] 
[0 19 3] 



ffliE# 2003-3103601 



mm 2003-385973 



^-v: 25/ 



[t5 7] 
F y j = Y F| sinCq^e) 



(8 3) 



[0194] 
[0 19 5] 

[0 19 6] 
[158) 



Pi =tan" 1 



K s - k,sin (q 8 + 6) 
K p 1 - kj cos (q,+ 6) 



(8 4) 



[0 19 7] 

[0 19 8] 
[15 9] 



1 K. 



[l - (1 - Y ) 1/3 ] 



(8 5) 



[0 19 9] 

$a v> mmn. T^t)umm. y^-^-mti^hsmb^^mmmm^m 

[0 2 0 0] 
[16 0] 

»i = Po+^r 0 - p i 
6 2 = p 0+ ix ro -p 

v 2 

5 3 = P 0 -^r 0 -P 3 

5 4 = P 0 -^r 0 -P 4 



(8 6) 
(8 7) 
(8 8) 
(8 9) 



[ 0 2 0 1 ] 
[0 2 0 2] 
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t t5 ? -C # * o 
10 2 0 3 ] 

[me i] 



Qi 
Q 2 

15UJ 



- M z + a } Yf gV+ a 2 Yf F 2 + a 3 Yr F 3 + a 4 Yr F 4 
b,c, Yf F,+ b 2 c 2 Yf F 2 + b 3 c 3 Yr F 3 + b 4 c 4 Yr F 4 



C 2 
L C 4. 



(10 0) 



[0 2 0 4 ] 

tztzL. 

[0 2 0 5] 
[»6 2] 

Cl = (b - b 2 ) y f F 2 + (b,- b 3 ) Yr F 3 + (b - b 4 ) Yr F 4 
c 2 = (b 2 - b, ) Yf F,+ (b 2 - b 3 ) Yr F 3 + (b 2 - b 4 ) y r F A 
c 3 = (b 3 - b, ) Yf F,+ (b 3 - b 2 ) Y f F 2 + (b 3 - b 4 ) Yr F 4 
c 4 = (b 4 - b, ) Yf F,+ ( b 4 - b 2 ) Yf F 2 + ( b 4 - b 3 ) Yr Fj 



(10 1) 
(10 2) 
(10 3) 
(10 4) 



[0 2 0 6] 
[0 2 0 7] 

(ioi) ^ (104) *j±, ***t^**tfeotEe^f>nfe<o*ttir*o*^ 

[0 2 0 8] 

$f>C> ai, b;75 ? *#:^*^|Sj^^Mm-e*S^ t ^#x.St, 
[0 2 0 9 ] 
[0 2 10] 

gcLTv^^<?)4^tc<7)J#^^(i, S^iOX'J -y^T) 5 -^: 
tV>9Tie (10 5) &JBLTf (106) ^O^m#f^^ ? #SP$tiSi t CiSo in 
£>0#j3fc£#{±. llt^ fcTSB (10 7) &JkV (108) S:0^(7)J; ^ UiE-rifc** 

[0211] 
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me 3] 
tan" 1 



K p 1 - k^os (qj+ 6) 

_.._-if K s _ - k,s 



=tan 1 



v 



K p 1 



^ 2 sin(q 2 +0) ^ 
k 2 cos (q 2 + 6 ) 



(10 5) 



tan 



- i 



V p 



^K s _ -k 3 sin(q 3 +e) ^ 
1 -kaCOsCqa+e)^ 

= tan- 1 ( K s . -k 4 sin(q 4 +9) ^ 
K 1 -k 4 cos(q 4 +0) 



(10 6) 

k 2 sin(q 2 +e)-k ] sin(q 1 +0)-k 1 k 2 sin(q 2 -q 1 )=0 (10 7) 



k 4 sin (q 4 + 0) - k 3 sin (q 3 + 0 ) - k 3 k 4 sin (q 4 - q 3 )= 0 (10 8) 
[0 2 12] 

[0213] 

me 4 ] 

— kj (cos 0 — k 2 )q l + k 2 (cos 0 — k : )q 2 

= (k,-k 2 )sin0 (10 9) 



k 3 ( cos 0 — k 4 ) q 3 + k 4 ( cos 0 — k 3 ) q 4 

= (k 3 — k 4 )sin 0 

[0 2 14] 

[0215] 
It6 5] 

i=(cos 0 — k 2 )pj+^i=r (cos 0 — ^ )p 2 

= (kj— k 2 )sin 0 



(110) 



(111) 



__*V3 



Vf7 



(cos 0 — k 4 )p 3 +-jJ= (cos 0 — k 3 )p 



= (k 3 — k 4 )sin 0 



(112) 
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[0216] 

M mmmr "C7fetf-r*»^TE (113) axik (114) ^-^n^^m^M* 

IE (1 1 5) ^H^i-«t -9 fc**prtlt?<fe4o 
[0217] 

[me 6] 

Vf7 Pi +Vf7p 2 +Vf7p 3 +Vf7p 4 = 0 (113) 



t>!VF7Pi + t> 2 VF7p 2 + t> 3 VF7p 3 + b 4 V^P4 

=^k+ (a l F 1 + a 2 F 2 + a 3 F 3 + a 4 F 4 ) (114) 
Y 



a, 
L<i4 



= diag 



#7 7^7 #7 VfT. 



#7 

-j^McosO— k, ) 

yp7 



b 2> /F7 
(cos6— k x ) 



0 



0 



#7_ 

0 

-i=(cose-k 4 ) 

V F 3 



0 



M 



#7 

b 4 #7 
0 

|Mcos9- k 3 ) 
F 



(115) 



- 1 



^+ a,F x + a 2 F,+ a 3 F 3 + a 4 F 4 
Y 

(k,— k, )sin6 
(k 3 — k 4 )sin6 

[0 2 18] 

Zfz, i0fc§<z>«||0WK»*2ltr»«6ftt±, (8 2) (84) (89) 
Si:iotiSf$Wo £/iU (8 7) ^ (8 9) *»ci5v>T;fe£|fro**Efcl±Hi: 
Hh&*ia#$:K.<&o fcis, (l l 5) j£ti 1 ^SiUK £oT$£ffi£*i*: *K ^o-fi 

[0 2 19] 
[0 2 2 0] 
[0 2 2 1 ] 
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[16 7] 



1o 



=diag 



LV F i v,- 



(cose - k 2 ) 



0 



_j i u 

V /p 2 Y f V F sYr V F 4 Y r J 



V F 2Y, 



V F 3Y r 



V F sY f 



b 2 V F 2Y r 
(cosS— k 1 ) 



^V'PaYr 

0 



V F 4 Yr 



0 



^=(cos6-kJ - 7 ^(co S 6-k 3 ) 

/ F 3 Yr V F " Y ' 



0 



M 2 +( ajF, Yf + a,F 2 y, + a 3 F 3 y r + a 4 F 4 y r ) 
(kj— k 2 )sinS 
(k 3 — k 4 )sin6 



F i Yr 
b, F .Y f 



F z Yr 

b 2 F 2 Yf 



— k^cosO— k, ) k 2 (cose— kj) 
0 0 



F 3 Yr 

b 3 F 3 y : 
0 



F 4Yr 

b 4 F 4 Yf 
0 



- 1 



(116) 



0 -k 3 (cos8-k 4 ) k 4 (cos6-k 3 ) 

0 

M*+(ai F iYf+ a,F 2 Y,+ a 3 F 3 y r + a 4 F 4 y, ) 
(k,— k 2 )sine 
(k 3 — k 4 ) sine 

[0 2 2 2] 

Z) o 

[0 2 2 3] 
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[S6 8] 



Q 2 
a 4 



diag 



V F 2 Yf ^F 3 Y r 



1 1 



V F 4Y r 




V F 3 Vr V F 4 Yr 

b 3 V F sYr t> 4A /F 4 Yr 

0 0 



0 

• M.+ta.Fj Y f + a 2 F 2 v f + a 3 F 3 Y r + a 4 F 4Yr ) 

(kj— k 2 )sin0 



(117) 



10 2 2 4 ] 



[0 2 2 5 ] 

-5) o 

[H3] P^#ftJiR^^1-^Ht:-*^ 0 

[d5] ii^sTOcio-c, £ fcrfcMTj&jiwi&fcif o^fc ^otuttAnA 
[@7] wm&<?>&%i<v5£tkt)'<? h ^tm^Mt^Tjk-tmmx^^o 

[H3 8] ^ -Y ■ ; \ r lil^.^J#t4 : S:^"t"^llI"C^)'5)o 

[no] (i) ti«r^»i»«6o*^j=*»t*a[*$nfc#*oi6^**wfci»j|[* 

[mi i] !R%L&e>&&<v5&±t}'<? h )\stm%tft t *7F-rmmx*&z>o 
^^^#ttt^(7)^^^#tth^Jt^Lr^-r^lilT-*^o 

[mi 4] ^§£w<Dmifa<7yfzWi<v%2 oipj^^t^n y 9mx-$>2> 0 

[«F^O»IB] 
[0 2 2 6 ] 

1 0 

1 2 fiUttl^lK 
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[H5] 

, r 



0 0.2 0.4 0.6 0.8 1 
[i6] 



1.5 

^ 1 
E 0.5 
^ 0 
CT -0.5 
-1 



ttW 4 

iTiiB O 

« o 



"I - I T— 














Si 


q 2 




1 1 1 


1 2 


3 


4 


5 


X10 5 










1 2 


3 


4 


5 



0.6 

"8 0.2 
^ 0 
CT -0.2 
-0.4 



Ste 2 



0 



1 '— — 1 


<k___ 
















1 






1 2 
X10 4 


3 4 


5 





12 3 4 

(2)44tt&idtie 



m8E# 2003-3103601 



2 003-385973 
[0 7] 

g§®#=0.3 88® #=1.0 



^-v: 4/ 



[08] 

6000 

5000 
^ 4000 

3000 
88 2000 

1000 
0 



5§®/y=0.3 Kffi/f =1.0 

i- 



t 



1 1 






Kb 



0.05 0.1 



0.15 
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[19] 




0 0.2 0.4 0.6 0.8 
[S10] 



-a 

CD 



0.4 
0.2 

0 

^.-0.2 
CT -0.4 
-0.6 



m 4 

w& 2 

« 0 



12 3 4 



1 2 
x 10" 1 


i 

3 


4 


5 





0.1 

1 0.05 

-0.05 
-0.1 



0.5 

§ o 







q 2 




q 4 
















1 


2 


3 


4 


5 




1 


1 






1 


2 


3 


4 


5 
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[Ull] 



SB® ji = 1.0 g§M/i=0.8 





(DIM 



[HI 2 ] 

6000 
5000 
5 4000 
fjj 3000 
2000 
1000 
0 




mtiE# 2003-3103601 




i 
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8/E 



[114] 




mtE# 2003-3103601 



m% 2003-385973 



l/E 



[hm] »*e t mm t tzimm tmmt <nw,mwm & 0 

(20) , M7E.2iifzm%-mw>F]<7)jz£ zfrhmw&j&uzmfcL (22) , 
^i&titm^fctitcDstZftmmmt lxw^l (24) , nwifiRo^i^^fij 
ffl^t^ib ^ ^ -vig^^co^^ $^i^-r^> (26) o &mmm^^ y &&.ir & ? 4 ^ 

■ft^^zm^^x, ^mmmw^M t mm t tz imm tmmt ^mmmn & 

•9 (3 0)6 

[mmm] m 1 4 
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UfeglJ*-^ [000003609] 
1 . tM^I 0 1 9 9 0^ 9 6B 



